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AUTOMATIC FOCUS ADJUSTING DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an automatic focus adjust 

ing device and an automatic focus adjusting method adapted 
for use in a video camera or an electronic still camera. 

2. Description of Related Art 
Automatic focus adjusting methods Which have hereto 

fore been employed for video apparatuses such as video 
cameras or the like include a method called a hill-climbing 
method. According to the hill-climbing method, focus is 
adjusted by extracting a high-frequency component from a 
video signal obtained by an image sensor Which is composed 
of a CCD or the like and by driving a photo-taking lens in 
such a Way as to cause the high-frequency component to take 
a maximum value. 

Such an automatic focus adjusting method obviates the 
necessity of any optical member specially arranged for focus 
adjustment and yet permits accurate focusing irrespective of 
the distances of shooting objects. FIG. 1 shoWs in a block 
diagram the arrangement of a conventional automatic focus 
adjusting device. 

Referring to FIG. 1, light coming from an object of 
shooting passes through a ?xed ?rst lens group 101a, a 
second lens group 102a Which performs a magni?cation 
varying action (hereinafter referred to as a variator lens), an 
iris 103a, a ?xed third lens group 104a and a fourth lens 
group 105a (hereinafter referred to as a focusing lens). The 
focusing lens 105a has a compensating function for com 
pensating any shift of a focal plane caused by the magni? 
cation varying action as Well as a focus adjusting function. 
The light of the object passing through the above lens groups 
is imaged on an image sensor 106a. 

The focusing lens 105a is arranged to be moved in an 
optical axis direction by a focus motor 115a to perform focus 
adjustment. The variator lens 102a is arranged to be moved 
in optical axis direction by a Zoom motor 117a to perform 
the magni?cation varying action Whereby the focal length of 
the optical system is varied. The image sensor 106a photo 
electrically converts an object image formed on its image 
pickup plane into an electrical signal and outputs the elec 
trical signal as a video signal. 

The video signal is sampled and held by a correlated 
double sampling circuit (CDS) 107a. The video signal is 
then ampli?ed to a predetermined level by an automatic gain 
control circuit (AGC) 108a and is converted into digital 
video data by an A/D converter 109a. After that, the digital 
video data is supplied to a camera signal processing circuit 
to be converted into a standard TV signal. The digital video 
data is also supplied to a band-pass ?lter (BPF) 110a. 

The BPF 110a extracts a high-frequency component from 
the video signal. The extracted high-frequency component is 
then supplied to an absolute value converting (ABS) circuit 
111a to be converted into a signal Which is completely of 
positive polarity. The signal thus processed is supplied to a 
detection circuit 112a. The detection circuit 112a recti?es, 
by peak holding and integrating, only a part of the input 
signal corresponding to a focus detecting area set Within an 
image plane as indicated by an output of a gate signal 
generator 119a. The detection circuit 112a is thus arranged 
to form an AF evaluation value at intervals synchroniZed 
With a period Which is an integer times as much as the period 
of a vertical synchroniZing signal. 

The AF (automatic focusing) evaluation value is supplied 
to a microcomputer 901. The microcomputer 901 then 
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2 
decides a focusing speed according to the degree of focus 
indicated by the AF evaluation value and also decides a 
motor driving direction in such a manner that the AF 
evaluation value increases. The focus motor driver 114a is 
instructed to drive the focus motor 115a to rotate at the speed 
and in the direction thus decided by the microcomputer 901. 
The focusing lens 105a is thus moved by the focus motor 
115a in the optical axis direction so as to perform focus 
adjustment. 

FIG. 2 is a How chart shoWing the procedures of an 
automatic focusing operation to be executed by the micro 
computer 901. The microcomputer 901 takes in the AF 
evaluation values at the intervals synchroniZed With the 
period Which is integer times as much as the vertical 
synchroniZing signal. An AF control loop is then carried on 
by repeating the folloWing How of operation. 

At a step S201 in FIG. 2, a poWer supply is sWitched on 
to start the AF operation. At a step S202, control by the 
hill-climbing method is performed. The focusing lens is 
driven in such a Way as to cause the AF evaluation value to 
alWays increase by controlling the driving speed and direc 
tion according to the level of the AF evaluation value, etc. 
At a step S203, upon completion of one round of the 
hill-climbing control, the arrival at the top of a hill is decided 
by moving the position of the focusing lens backWard after 
overshooting a hilltop. The focusing lens is then brought to 
a stop at a point Where the highest level of the AF evaluation 
value is obtained. At a step S204, the How Waits for a restart 
of the AF operation. When the level of the AF evaluation 
value is found to have become loWer, the How comes to a 
step 205 to restart the AF operation from the step S202. 

HoWever, the AF operation of the conventional automatic 
focus adjusting device depends solely on the increase or 
decrease of the AF evaluation value in spite of the fact that 
the level of an in-focus state and that of an out-of-focus 

(defocus) state vary With the object. Therefore, depending 
on the object, the microcomputer has sometimes made a 
misjudgment to cause the AF operation to erroneously come 
to a stop in an out-of-focus state, to excessively overshoot an 
in-focus point or to require an unnecessarily long time 
before coming to an in-focus state due to a sloW motor 
speed. This problem is serious particularly in the event of a 
loW-contrast object and a loW-illuminance object. Either of 
such objects gives such a small output that is hardly 
recogniZable, thereby making control apposite to its char 
acteristic extremely dif?cult. 

BRIEF SUMMARY OF THE INVENTION 

It is a ?rst object of the invention to provide an automatic 
focus adjusting device and an automatic focus adjusting 
method by Which an automatic focusing operation can 
be stably and accurately carried out Without making any 
misjudgment due to the state of the object and shooting 
conditions. 

It is a second object of the invention to provide an 
automatic focus adjusting device adapted for a video camera 
or the like arranged to perform a digital signal processing 
action. 

It is a third object of the invention to provide an automatic 
focus adjusting device adapted for a video camera or the like 
having image compressing means. 

To attain the above objects, in accordance With an aspect 
of the invention, there is provided an automatic focus 
adjusting device arranged to adjust, by driving a focusing 
lens, focus of an image picked up by image pickup means, 
Which comprises extracting means for extracting, as a focus 
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signal, a high-frequency component in a focus detecting area 
Within an image plane of the image picked up by the image 
pickup means, object frequency recogniZing means for 
recognizing, from a frequency distribution of an object 
Whose image is picked up by the image pickup means, a 
feature of the object, and driving means for driving the 
focusing lens on the basis of the focus signal extracted by the 
extracting means and the feature of the object recogniZed by 
the object frequency recogniZing means. 

In accordance With another aspect of the invention, there 
is provided an automatic focus adjusting device Which 
comprises extracting means for extracting, as a focus signal, 
a high-frequency component in a focus detecting area Within 
an image plane of an image picked up by image pickup 
means, driving means for driving a focusing lens on the 
basis of the extracted focus signal so as to adjust focus of the 
image picked up by the image pickup means, tWo 
dimensional transforming means for transforming into fre 
quency components a tWo-dimensional image of an object 
Whose image is picked up by the image pickup means, 
recogniZing means for recogniZing a feature of the object by 
comparing a magnitude of each of the frequency compo 
nents With a predetermined value, and varying means for 
varying characteristics of the extracting means and the 
driving means on the basis of a result of recognition pro 
vided by the recogniZing means. 

In accordance With a further aspect of the invention, there 
is provided an automatic focus adjusting device Which 
comprises extracting means for extracting, as a focus signal, 
a high-frequency component in a focus detecting area Within 
an image plane of an image picked up by image pickup 
means, driving means for driving a focusing lens on the 
basis of the extracted focus signal so as to adjust focus of the 
image picked up by the image pickup means, tWo 
dimensional transforming means for transforming into fre 
quency components a tWo-dimensional image of an object 
Whose image is picked up by the image pickup means, 
determining means for determining Whether a magnitude of 
time ?uctuation of each of the frequency components is 
greater than a predetermined value, and varying means for 
varying characteristics of the extracting means and the 
driving means on the basis of a result of determination 
provided by the determining means. 

These and other objects and features of the invention Will 
become apparent from the folloWing detailed description of 
embodiments thereof taken in connection With the accom 
panying draWings. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

FIG. 1 is a block diagram shoWing the arrangement of the 
conventional automatic focus adjusting device. 

FIG. 2 is a ?oW chart shoWing the procedures of an 
automatic focusing operation taken by a microcomputer 
included in the arrangement shoWn in FIG. 1. 

FIG. 3 is a block diagram shoWing the arrangement of an 
automatic focus adjusting device according to the invention 
as a ?rst embodiment thereof. 

FIG. 4 is a block diagram shoWing the arrangement of an 
object frequency recogniZing circuit 118 included in the 
arrangement shoWn in FIG. 3. 

FIG. 5 shoWs hoW the picture elements of one frame are 
divided. 

FIGS. 6(a) and 6(b) shoW frequency area data obtained by 
a tWo-dimensional discrete cosine transform (DCT) action 
of a tWo-dimensional DCT unit 202 shoWn in FIG. 4. 
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4 
FIGS. 7(a) to 7()‘) shoW pattern data prestored in a pattern 

memory 206 shoWn in FIG. 4. 
FIG. 8 is a ?oW chart shoWing the procedures of focus 

adjustment to be taken by a microcomputer 113 shoWn in 
FIG. 3 on the basis of the results of an object frequency 
recogniZing action. 

FIG. 9 is a block diagram shoWing the arrangement of an 
object frequency recogniZing circuit in an automatic focus 
adjusting device according to the invention as a second 
embodiment thereof. 

FIG. 10 shoWs data in the horiZontal line direction. 

FIG. 11 is a block diagram shoWing the arrangement of an 
automatic focus adjusting device according to the invention 
as a third embodiment thereof. 

FIG. 12 is a block diagram shoWing the arrangement of an 
object frequency recogniZing and ?uctuation detecting cir 
cuit 118‘ shoWn in FIG. 11. 

FIGS. 13(a) to 13(h) shoW pattern data prestored in a 
pattern memory 206‘ shoWn in FIG. 12. 

FIG. 14 is a ?oW chart shoWing the procedures of focus 
adjustment to be taken by a microcomputer 113 shoWn in 
FIG. 11 on the basis of the results of object frequency 
recogniZing and ?uctuation detecting actions. 

FIG. 15 is a block diagram shoWing the arrangement of an 
object frequency recogniZing and ?uctuation detecting cir 
cuit in an automatic focus adjusting device according to a 
fourth embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The folloWing describes, With reference to the draWings, 
automatic focus adjusting devices arranged as preferred 
embodiments of the invention. 

(First Embodiment) 
FIG. 3 shoWs in a block diagram the arrangement of an 

automatic focus adjusting device arranged as a ?rst embodi 
ment of the invention. Light coming from an object of 
shooting passes through a ?xed ?rst lens group 101, a 
second lens group 102 (hereinafter referred to as a variator 
lens) arranged to perform a magni?cation varying action, an 
iris 103, a ?xed third lens group 104 and a fourth lens group 
105 (hereinafter referred to as a focusing lens) Which has a 
compensating function to correct a shift of a focal plane 
caused by the magni?cation varying action as Well as a focus 
adjusting function. The object light passing through the 
above lens groups is imaged on an image sensor 106. 
The focusing lens 105 is arranged to perform a focusing 

action by being moved in the optical axis direction by a 
focus motor 115. The variator lens 102 is arranged to 
perform a magni?cation varying action by being moved in 
the optical axis direction by a Zoom motor 117 in such a Way 
as to vary the focal length of the lens system. The image of 
the object formed on the image pickup plane of the image 
sensor 106 is converted into an electrical signal and is 
outputted from the image sensor 106 as a video signal. 
The video signal is sampled and held by a CDS 

(correlated double sampling) circuit 107 and is supplied to 
an automatic gain control circuit (AGC) 108 to be ampli?ed 
to a predetermined level. The ampli?ed video signal is 
supplied to an A/D converter 109 to be A/D-converted into 
digital video data. The digital video data is supplied to a 
camera signal processing circuit to be converted into a 
standard TV signal. The digital video data is, at the same 
time, supplied also to a band-pass ?lter (BPF) 110. 
The BPF 110 extracts, from the digital video data, a 

high-frequency component Which varies according to the 
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state of focus. The high-frequency component extracted is 
supplied to an absolute value converting (ABS) circuit 111 
to be converted into a signal Which is completely of positive 
polarity. The signal thus processed is supplied to a detection 
circuit 112. The detection circuit 112 recti?es, by peak 
holding and integrating, only a part of the input signal 
corresponding to a focus detecting area set Within an image 
plane as indicated by an output of a gate signal generator 
119. The detection circuit 112 is thus arranged to form anAF 
evaluation value at intervals synchroniZed With a period 
Which is an integer times as much as the period of a vertical 
synchroniZing signal. 

The AF (automatic focusing) evaluation value is supplied 
to a microcomputer 113. The microcomputer 113 then 
decides a focusing speed according to the degree of focus 
indicated by the AF evaluation value and also decides a 
motor driving direction in such a manner that the AF 
evaluation value increases. The focus motor driver 114 is 
instructed to drive the focus motor 115 to rotate at the speed 
and in the direction thus decided by the microcomputer 113. 
The focusing lens 105 is thus moved by the focus motor 115 
in the optical axis direction so as to perform focus adjust 
ment. 

An object frequency recogniZing circuit 118 is arranged to 
have the digital video data inputted from the A/D converter 
109, to perform a recogniZing action on the digital video 
data and to supply the result of recognition to the micro 
computer 113. FIG. 4 is a block diagram shoWing in detail 
the arrangement of the object frequency recogniZing circuit 
118. As shoWn in FIG. 4, the object frequency recogniZing 
circuit 118 is composed of a frame memory 201, a tWo 
dimensional DCT unit 202, a grouping circuit 203, a Weight 
ing circuit 204, a pattern extracting circuit 205, a pattern 
memory 206 and a comparison circuit 207. 

The digital video data is stored by the frame memory 201 
in units of one frame. Within each frame of the digital video 
data, each block consisting of 8x8 picture elements in the 
horiZontal and vertical directions is converted into frequency 
area data by a tWo-dimensional discrete cosine transform 
(hereinafter referred to as a 2D-DCT) process of the tWo 
dimensional DCT unit 202 at a time. 

The grouping circuit 203 divides the frequency area data 
into groups “a” to “h” by frequency bands in such a Way as 
to have the frequency area data of about the same frequency 
band in one and the same group. The largest data in each 
group is considered to be a representative value of that 
group. The groups “a” to “h” are thus assumed to have 
representative values A to H, respectively. 

The Weighting circuit 204 is arranged to attach some 
Weight to the representative values by multiplying the rep 
resentative values A to H respectively by Weighting coef? 
cients Ka to Kh. The Weighting coef?cients Ka to Kh are set 
in such a Way as to bring the representative values of all the 
groups up to about the same level When a signal of a ?xed 
level evenly having frequency bands from a loW band 
through a high band are inputted. 

The pattern extracting circuit 205 is arranged to extract a 
pattern indicating changes in level of the Weighted repre 
sentative values Ka-A to Kh-H and also differences in 
magnitude of them. The comparison circuit 207 is arranged 
to compare the extracted pattern With pattern data prestored 
in the pattern memory 206, so that it is possible to recogniZe 
What kind of an object image is represented by the 8x8 
picture elements and Whether the image is in focus or not. 

FIG. 5 shoWs hoW picture elements for one frame are 
divided. In FIG. 5, reference numeral 303 denotes one frame 
of the image plane. Reference numeral 301 denotes one 
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6 
picture element. Reference numeral 302 denotes each 
divided block consisting of the 8x8 picture elements. Ref 
erence numeral 304 denotes a focus detecting area Which is 
set Within the image plane and is indicated by the output of 
the gate signal generator 119. 

FIGS. 6(a) and 6(b) shoW the frequency area data 
obtained through a tWo-dimensional DCT action carried out 
by the tWo-dimensional DCT unit 202. In FIG. 6(a), the 
horiZontal components of the data are shoWn in the lateral 
direction and the vertical components of the data are shoWn 
in the vertical direction. The frequency becomes higher 
accordingly as the component is located closer to the right 
and loWer ends in the graph of FIG. 6(a). In FIG. 6(a), a 
value “11” approximately represents a direct-current com 
ponent. FIG. 6(b) shoWs hoW these data components are 
grouped. Each of data a1, data b1 to b3, data c1 to c5, data 
d1 to d7, data e1 to e9, data f1 to f11, data g1 to g13 and data 
h1 to h15 are of about the same frequency band and are, 
therefore, classi?ed as one and the same group. The data of 
the largest value Within each of these groups are handled as 
a representative value. The representative values thus 
obtained are expressed as representative values A, B, C, D, 
E, F, G and H. 
The Weighting circuit 204 attaches Weight to the repre 

sentative values A to H of the frequency area data by 
multiplying them by suitable coef?cients Ka to Kh. FIGS. 
7(a) to 7()‘) shoW pattern data prestored in the pattern 
memory 206. In FIG. 7(a), the pattern data indicates an 
ordinary object (object 1) Which is in an in-focus state. In 
this case, there exist all the frequency components from a 
loW band through a high band. 

In FIG. 7(b), the pattern data indicates an ordinary object 
(object 1) Which is in an out-of-focus state. In this case, the 
pattern data shoWs a characteristic Which appears as if it is 
obtained by mixing a loW-pass characteristic of the lens 
optical system With the frequency characteristic shoWn in 
FIG. 7(a). Although the data is in the same state as the 
in-focus state of FIG. 7(a) in loW-frequency bands, there is 
no high-frequency band components. 

In FIG. 7(c), the pattern data indicates a loW-contrast 
object (object 2) Which is in an in-focus state. Although the 
data of FIG. 7(c) includes all the frequency components 
from a loW band through a high band, its level is loW as a 
Whole. 

In FIG. 7(a), the pattern data indicates a loW-contrast 
object (object 2) Which is in an out-of-focus state. The data 
indicates a frequency distribution in Which there is no 
high-frequency band components shoWn in FIG. 7(c). 

In FIG. 7(e), the pattern data indicates a ?ne object (object 
3) Which is in an in-focus state. The data of FIG. 7(e) 
indicates that a small amount of loW-frequency band com 
ponents and a large amount of high-frequency band com 
ponents. 

In FIG. 7(1‘), the pattern data indicates a ?ne object (object 
3) Which is in an out-of-focus state. The data of FIG. 7(}‘) 
indicates a frequency distribution in Which there is no 
high-frequency band components shoWn in FIG. 7(e). 

FIG. 8 is a How chart shoWing procedures for focus 
adjustment to be executed by the microcomputer 113 on the 
basis of the results of recognition of the object frequencies. 
At a step S1, the automatic focus adjusting device is 
initialiZed and the microcomputer 113 starts operating either 
When a poWer supply is sWitched on or When the AF function 
is turned on. At a step S2, the results of the recogniZing 
action on the frequencies of all the blocks of 8x8 picture 
elements Within the focus detecting area (AF gate) are 
completely taken in the memory included in the microcom 
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puter 113. At a step S3, the results of recognizing action 
taken in are checked to ?nd if all the results indicate 
loW-contrast objects (object 2) irrespective of their states of 
focus. If so, the How of operation proceeds to a step S4. 
At the step S4, the characteristic of the EFF 110 is set for 

the entire frequency band. At a step S5, the speed of the 
motor is set at a speed sloWer than a normal speed. At a step 
S6, the threshold value of overshooting an in-focus point is 
set at a someWhat larger value than a normal overshooting 
threshold value. 

If it is found at the step S3 that not all the results of the 
recogniZing action indicate loW-contrast objects, on the 
other hand, the How proceeds to a step S7. At the step S7, 
the results are checked to ?nd if ?ne objects (object 3) are 
in the majority irrespective of their states of focus. If so, the 
How proceeds to a step S8. At the step S8, the characteristic 
of the EFF 110 is set for an ultra-high-frequency band. At a 
step S9, the motor speed to be used in the neighborhood of 
an in-focus point is set at a someWhat loWer speed than the 
normal speed. At a step S10, the threshold value of over 
shooting an in-focus point is set at a someWhat smaller value 
than the normal value for the purpose of making the over 
shooting less conspicuous. 

Further, if ?ne objects are found at the step S7 to be not 
in the majority, the How proceeds to a step S11. At the step 
S11, the results of the recogniZing action are checked to ?nd 
if there is any ordinary object Within the focus detecting area 
irrespective of its state of focus. If so, the How proceeds to 
a step S12. At the step S12, the characteristic of the EFF 110 
is set for middle and high frequency bands. At a step S13, the 
motor speed is set at a someWhat faster speed than the 
normal speed. At a step S14, the threshold value of over 
shooting an in-focus point is set at the normal value. 

In cases Where the results of the recognizing action taken 
in do not apply to any of the conditions provided at the steps 
S3, S7 and S11, nothing is changed, and the How of 
operation proceeds to a step S15. At the step S15, the results 
of the recogniZing action taken in are checked to ?nd if all 
the data indicate an out-of-focus state and that the automatic 
focusing action is Waiting for a restart. If so, this condition 
can be assumed to indicate that the AF (automatic focusing) 
action has erroneously come to a stop leaving the focusing 
lens in an out-of-focus position, and the How proceeds to a 
step S16. At the step S16, the AF action is forcibly restarted. 
In this case, a threshold value Which is to be used for 
detecting a restart of the AF action may be variably set. 

If all the data is found at the step S15 to indicate an 
out-of-focus state and the AF action is not Waiting for a 
restart, the How proceeds to a step S17. 
At the step S17, the automatic focusing action is per 

formed according to the hill-climbing method in the same 
manner as in the conventional device. The How then returns 
to the step S2 to repeat the above-stated loop, Which is 
executed in synchronism With a period an integer times as 
long as the period of a vertical synchroniZing signal. 

While the ?rst embodiment is arranged to perform the 
object frequency recogniZing action only Within the focus 
detecting area, the arrangement may be changed to perform 
the action not only Within the focus detecting area but also 
for the Whole frame area. The arrangement also may be 
changed to perform the recogniZing action by taking a block 
of picture elements larger or smaller than the block of 8x8 
picture elements as the unit of the recogniZing action. 
Further, the grouping circuit 203 is arranged to use the 
largest value of each group as a representative value. 
HoWever, that arrangement may be changed to use a sum of 
values obtained Within each group as the representative 
value. 
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The performance of the automatic focus adjusting device 

can be enhanced by increasing the amount of the object 
pattern data prestored and by increasing the number of 
conditional branching parts accordingly Within the micro 
computer 113. 
The object frequency recogniZing circuit 118 is arranged 

to recogniZe the object frequencies after image data for one 
frame is stored by the frame memory 201. HoWever, since 
automatic focus adjustment must be carried out at a high 
speed, the object frequency recogniZing circuit 118 may be 
arranged, in the case of an interlaced-scanning type camera, 
to store just image data for one ?eld at a ?eld memory and 
to perform the object frequency recogniZing action on a ?eld 
image thus obtained. 
(Second Embodiment) 
An automatic focus adjusting device according to a sec 

ond embodiment of the invention is described beloW. The 
arrangement of the automatic focus adjusting device accord 
ing to the second embodiment differs from that of the ?rst 
embodiment only in respect of an object frequency recog 
niZing circuit. Therefore, the details of other component 
parts of the second embodiment are omitted in the folloWing 
description. 

FIG. 9 is a block diagram shoWing the arrangement of the 
object frequency recogniZing circuit 218 in the second 
embodiment. The object frequency recogniZing circuit 218 
is composed of a line memory 701, a DCT unit 702, a 
Weighting circuit 703, a pattern extracting circuit 704, a 
pattern memory 706 and a comparison circuit 705. 

The block arrangement of the second embodiment is 
identical With that of the ?rst embodiment. HoWever, in the 
case of the second embodiment, the recogniZing action on 
the object frequencies is performed not for every square 
block of 8x8 picture elements but for every horiZontal line 
of picture elements. FIG. 10 shoWs data aligned in the 
direction of horiZontal lines. 
The object frequency recogniZing circuit 218 in the sec 

ond embodiment can be arranged at a relatively loW cost by 
virtue of the use of data 802 one-dimensionally aligned in 
the horiZontal direction for recogniZing the frequencies of 
the object. The digital video data is stored in units of one line 
by the line memory 701. Among picture elements of the 
image plane, the picture elements located Within the focus 
detecting area are serially converted into DCT frequency 
area data (A to X) by the DCT unit 702. 
The Weighting circuit 703 attaches Weight to each of the 

converted data in such a Way as to optimiZe it by multiplying 
these data by coef?cients K‘ to K‘X. The Weighting coef? 
cients are set at such values that the levels of data of the 
entire frequency band become about the same When a signal 
in Which frequencies are uniformly distributed from a loW 
frequency band through a high-frequency band is inputted. 
The pattern extracting circuit 704 is arranged to eXtract a 

pattern indicating changes in level of the Weighted data 
values K‘aA to K‘x-X and indicating differences in magni 
tude of them. The comparison circuit 705 is arranged to 
compare the extracted pattern With pattern data prestored in 
the pattern memory 706, so that it is possible to recogniZe 
What kind of an object image is obtained in the line image 
and Whether the image is in focus or not. The microcomputer 
113 is arranged to control the automatic focus adjustment 
according to the same algorithm as in the case of the ?rst 
embodiment described above. 

In each of the ?rst and second embodiments, the DCT unit 
Which is one of orthogonal transforming means is used for 
transformation of frequency areas. The DCT unit, hoWever, 
may be replaced With some other knoWn orthogonal trans 














